Background: Heart failure is a significant cause of death and hospitalization in dialysis patients. Controlling the volume status in PD, especially, is difficult, and transferring the PD patients to hemodialysis results mainly from ultrafiltration failure. Thus, the control of heart failure and markers as its predictors in PD patients are of the utmost importance. In this study, we aim to confirm the utility of BNP and NT-proBNP as predictive markers of heart failure and to identify new markers in PD patients.
Background
Heart failure is a significant cause of death in patients undergoing dialysis in Japan [1] , and the highest cause-specific mortality in such patients in the USA is due to cardiovascular diseases, including arrhythmia, cardiac arrest, congestive heart failure (CHF), acute myocardial infarction, and atherosclerotic heart disease [2] . In 2015, the adjusted rate of admission of hemodialysis (HD) and peritoneal dialysis (PD) patients in the USA was 1.7 per patient-year, and cardiovascular disease was the second most common cause of hospitalization following infection [2] . Therefore, the control of heart failure in such patients is of the utmost importance.
In chronic PD patients, volume control is a significant predictor of outcome [3] , and ultrafiltration failure is a significant cause of the technique failure of PD, subsequently resulting in the transfer of patients to HD [4] . A study in Japan reported that ultrafiltration loss is the most prominent cause of withdrawal from continuous ambulatory PD (CAPD) in patients undergoing PD for > 6 years [5] , implying that strategies to prevent and manage ultrafiltration failure may help in maintaining the patient to remain on PD [6] . Also, heart failure is a highly prevalent complication in patients on long-term PD. Moreover, patients with a history of heart failure have a significantly lower overall cumulative probability of survival than those without [7] . Therefore, the prediction and prevention of the first heart failure and its recurrence are crucial.
To improve the quality of treatment in PD patients, markers as predictors of heart failure in PD patients are necessary. Currently, in addition to the change in body weight (ΔWt) and cardiothoracic ratio (CTR), the brain natriuretic peptide (BNP) and N-terminal pro-brain natriuretic peptide (NT-proBNP) levels are used as markers of heart failure. However, their effectiveness in predicting the disease has not been fully established. To ensure the early diagnosis and intervention of heart failure, the confirmation of the utility of the markers and new predictive markers of heart failure is necessary.
Therefore, in this study, we aim to confirm the utility of BNP and NT-proBNP as predictive markers of heart failure and to identify new markers in PD patients.
Methods
A total of 29 patients who had been undergoing PD and were regularly followed up at Nippon Medical School Hospital between November 2016 and November 2018 were enrolled. For 3 consecutive months, the following were measured in these patients: ΔWt (kg), CTR (%), BNP (pg/mL), NT-proBNP (pg/mL), BUN (mg/dL), Cr (mg/dL), TP (g/dL), Alb (g/dL), Na (mEq/L), K (mEq/L), Cl (mEq/L), Ca (mg/dL), P (mg/dL), intact parathyroid hormone (pg/mL), hemoglobin (Hb) (g/dL), hematocrit (Ht) (%), serum β2 microglobulin (sβ2MG) (μg/mL), ferritin (ng/mL), transferrin saturation (T-SAT) (%), urine volume (UV) (mL/day), and weekly Kt/V urea and creatinine clearance (CCr) (L/week/1.73 m 2 ). In addition, we categorized their disease using the New York Heart Association (NYHA) classification and evaluated the body mass index (BMI) (kg/m 2 ), primary disease, PD vintage, D/P ratio, D/D ratio, left atrial dimension (LAD) (mm), left ventricular mass index (LVMI) (g/m 2 ), left ventricle ejection fraction (EF) (%), and cardiac index (CI) as potential background factors. In this study, we defined ΔWt as the change of body weight in these patients between their regular follow-ups every month, and it was based on the patient's self-reporting.
All laboratory values were presented as means ± standard deviations. The continuous variables were compared using the one-way analysis of variance (ANOVA). p values < 0.05 were considered statistically significant. All statistical analyses were performed using Prism® software version 8 (GraphPad Software, La Jolla, CA, USA). Furthermore, the multiple linear and logistic regression analyses were performed using JMP® software version 12 (SAS Institute, Cary, NC, USA).
Results
This study included 21 men and 8 women, with the mean age of 64.14 ± 14.42 years. The most frequent primary diseases were diabetes mellitus (11 patients, 37.9%) and nephrosclerosis (9 patients, 31.0%). The mean duration of PD and D/P and s ratios were 12.0 ± 7.6 months, and 0.727 ± 0.203 and 0.377 ± 0.132, respectively. Moreover, the oral medications being administered were angiotensin II receptor blockers (22 ; EF, 67.0 ± 9.9%; E/e′, 15.0 ± 8.1; and CI, 3.332 ± 0.7997 (Table 1) .
The BNP concentration was positively correlated with that of NT-proBNP (r, 0.794; p < 0.0001) (Fig. 1) . Also, the CTR was positively correlated with BNP (r, 0.538; p < 0.0001) and NT-proBNP (r, 0.508; p < 0.0001) concentrations, with similar correlation coefficients. However, ΔWt was not correlated with these parameters (Table 2) , of which the relationships with CTR, Hb, and Ht showed the highest levels of statistical significance. Although the relationships with BNP and NT-proBNP were significant, their values in patients with NYHA category II were very high. The relationships with weekly Kt/V urea and weekly CCr were also significant, but not UV. Furthermore, although the relationship with ferritin was significant, that with T-SAT was not.
The univariate and multivariable logistic regression models were constructed for the risk of heart failure using the NYHA classification. In the univariate analysis, the CTR (odds ratio However, none remained significant in the multivariate analysis. Additionally, neither ferritin nor T-SAT was statistically significant in the univariate analysis, as well as UV and weekly Kt/V ( Table 3) .
The Youden indexes (cutoff values), established using the receiver operating characteristic (ROC) curve for the NYHA classification, for CTR (a), Hb (b), Ht (c), and weekly CCr (d) were > 51.9%, < 9.4 g/dL, < 29.2%, and < 80.9 L/week/1.73 m 2 , respectively, indicating a high risk of heart failure ( Fig. 3) .
Discussion
In Japan, heart failure is the leading cause of mortality in dialysis patients [1] , and in the USA, cardiovascular diseases most commonly result in death in dialysis patients [2] . Furthermore, in China, cardiovascular complications have been reported to be the second most common cause of death in these patients, following infection [8] , and deaths in elderly patients undergoing PD were also shown to be caused by infection and cardiovascular events in a fourth study [9] . As such, the control of heart failure for patients undergoing PD is of the utmost importance [2] .
As the failure of volume control underpins this heart failure, such control is a significant outcome predictor in patients undergoing chronic PD [3] . In a previous report, the management of heart failure in those who are resistant to treatment or intolerant of the conventional therapies may include PD as an adjunctive therapy [10] . However, ultrafiltration failure usually underlies the development of heart failure in patients undergoing PD, necessitating their transfer to HD [4] . Therefore, strategies aimed at preventing or managing ultrafiltration failure may help them continue on PD [6] . Moreover, heart failure is a highly prevalent complication in long-term PD. Indeed, PD patients with a history of heart failure have a significantly lower overall cumulative probability of survival than those without [7] . Thus, the prevention of heart failure and its recurrence is significant. However, maintaining the required ultrafiltration for the success of PD is difficult compared with that of HD; therefore, the prediction and prevention of heart failure in PD patients is also challenging. Therefore, we aimed to determine the prognostic markers of heart failure in PD patients to facilitate better management of the disease in this group.
Correlation between BNP and NT-proBNP and other parameters
Cardiac biomarkers, such as BNP and NT-proBNP, are commonly used to diagnose CHF [11] . Pre-proBNP is synthesized in cardiac myocytes in response to ventricular wall stress and stretch, associated with greater cardiac filling pressure [12] . After the removal of a signal peptide in the cytosol, proBNP is released as either NT-proBNP or BNP from myocytes into the circulation [11, 13] . NTproBNP is the inactive form, while BNP is the active one. NT-proBNP is also more stable than BNP, having a longer half-life [13] . Previous studies have demonstrated the correlations between increases in the plasma concentrations of BNP or NT-proBNP and reductions in the estimated glomerular filtration rate (eGFR) or advances in chronic kidney disease (CKD) stage, which at least in part is likely to be because the principal route of clearance of NTproBNP is renal [11] . Furthermore, the observed correlation with eGFR was more marked for NT-proBNP than for BNP, and the ratio of NT-proBNP/BNP increased with advancing CKD stage [11] . A high NT-proBNP concentration has been shown to predict morbidity and mortality, and its concentration in patients undergoing CAPD is lower than those undergoing HD [12] . Additionally, NTproBNP is a significant predictor of cardiovascular congestion, mortality, and adverse cardiovascular outcomes in PD patients [13] .
The present analysis has shown that the BNP concentration was positively correlated with that of NTproBNP. In addition, the CTR was positively correlated with BNP and NT-proBNP concentrations, but ΔWt was not correlated with these parameters. The variations in diet, clothing, or constipation may have influenced the measured ΔWt, such that the reliability of the measurement may have been low.
Associations with the NYHA classification
The NYHA classification was statistically associated with both BNP and NT-proBNP. However, the associations with CTR, Hb, and Ht showed a higher level of significance. Also, the logistic regression model of the heart failure risk showed that CTR, Hb, and Ht were significantly associated with the NYHA classification in the univariate analysis, but BNP and NT-proBNP were not. However, none remained significantly associated in the multivariate analysis. These results may have been influenced by the values for BNP and NT-proBNP in NYHA category II patients being very high; therefore, a study of a larger number of patients may alter this finding. Furthermore, the relationships with weekly Kt/V urea and CCr were significant, but not with UV. A combined urinary and peritoneal Kt/V urea > 1.7/week or CCr > 50 L/week/1.73m 2 is recommended by the Renal Association Clinical Practice Guideline on PD adults and children [14] . They are associated with mortality in PD patients. Furthermore, a report has shown that the improvement of peritoneal Kt/V urea and CCr reduced the rate of CHF [15] . The reason why UV was not significant may be that weekly Kt/V urea and CCr were calculated by not only the value of urine but also the value of PD.
Logistic regression analysis of the heart failure risk using the NYHA classification
The multivariate logistic regression analysis of the heart failure risk using the NYHA classification found that CTR, Hb, Ht, and weekly CCr were not associated with heart failure classification. The Youden indexes (cutoff value) on the ROC curves for the NYHA classification for CTR, Hb, Ht, and weekly CCr were > 51.9%, < 9.4 g/ dL, < 29.2%, and < 80.9 L/week/1.73 m 2 , indicating a high risk of heart failure. Moreover, a CTR of 0.43-0.49 has been previously reported to be associated with higher inhospital mortality and poor long-term clinical outcomes [16] . However, a CTR > 0.5 is traditionally considered abnormal, and the target Hb for PD patients has been set at 11-13 g/dL in Japan [17] . Furthermore, as described earlier, a weekly CCr > 50 L/week/1.73 m 2 is recommended [14] . The present findings are consistent with the use of these values.
Anemia is an independent risk factor for mortality in patients with heart failure [18] [19] [20] . It is also an essential component of the cardiorenal anemia syndrome, and the severity score of this syndrome is an independent and significant predictor of death in patients undergoing PD [21] . In the present study, the logistic regression model of the heart failure risk using the NYHA classification found that CTR, Hb, and Ht were significantly associated in the univariate analysis. The CTR was correlated with the anemia status of PD patients and was a reliable predictor of mortality and hospitalization-free survival [22, 23] . In addition, it was correlated with the BNP and NT-proBNP concentrations; however, as a predictor of heart failure, it may have been significant because of this relationship with anemia. In one previous report, a lower, but not higher, Hb concentration was associated with higher mortality in ESA-treated PD patients [24] . Therefore, anemia in PD patients may be the more significant pathology.
Numerous studies have shown that iron deficiency is highly prevalent in patients with CHF and associated with higher risks of hospitalization and mortality [25] . As ferritin is an acute-phase reactant, it is often considered to be a less reliable marker than T-SAT [20] . However, with regard to their relationships with the NYHA classification, ferritin was significantly associated, while T-SAT was not, and neither was significantly associated in univariate analysis. Nevertheless, because ferritin was significant in the ANOVA, a relationship between iron metabolism and heart failure may be possible. However, this may be related to the inflammatory response that occurs in this disease because T-SAT was not associated with this and ferritin is considered to be an inflammatory substance [20] . Moreover, ferritin may have not shown a relationship in the univariate analysis because the cutoff value for NYHA grade III is too high.
A previous study has shown that intravenous (IV) iron therapy may be effective for iron deficiency anemia (IDA), but its benefit is partially independent of Hb concentration [20] . Other studies have demonstrated direct links between IDA and both quality of life and mortality, and iron repletion reduces the severity of the "restless legs" symptom and improves cognition, physical performance, exercise tolerance, and immune function, implying that both anemia and iron deficiency contribute to the cardiovascular risk and mortality [26] .
Patients on HD have also been shown to have a superior Hb response when they are treated with IV iron, but this has less effect on patients with CKD [27] . Oral iron is poorly absorbed in most patients with CAPD [28] . Moreover, although it is often used in PD because of difficulties with venous access, in iron-deficient and iron-replete PD patients alike, IV iron supplementation results in larger iron stores and higher Hb concentrations, with fewer associated side effects than with oral iron [29] . The data on a higher risk of peritonitis or other infections in PD patients being administered IV iron have not yet been described, but one report has shown that an IV infusion of iron causes oxidative stress and inflammation in the peritoneal mesothelial cells, which may impair the viability of the peritoneum [30] . As a result, opinions vary regarding the optimal iron supplementation pathway for use in PD patients. In the present study, iron was administered orally, which is often done to PD patients because this method is simpler. However, phosphorus adsorbents containing iron, hypoxia-induced transcription factor stabilizers, orally active inhibitors of prolyl hydroxylase enzyme, and other newer and potentially more physiologic therapies are currently being studied for the treatment of anemia [24] . Furthermore, iron deficiency itself may contribute to heart failure, rather than anemia, but further studies are needed to determine this.
Kidney failure is a significant prognostic factor in patients with heart failure, and the CCr rate is an independent predictor of mortality [31] . The weekly CCr in patients undergoing PD reflects the residual renal function. Therefore, in this study, it is suggested that weekly CCr was statistically significant by univariate analysis and was not significant, but the highest risk of heart failure by multivariate analysis in logistic regression models were constructed for the risk of heart failure using the NYHA classification. On the other hand, the reason why weekly Kt/V was not significant in the univariate analysis may be because it reflects the clearance of only small molecules, contrary to weekly CCr. Furthermore, weekly CCr may reflect an effect in preventing heart failure than weekly Kt/V. This study has certain limitations. First, it was conducted at a single center; therefore, the number of participants and duration of the study were limited. Second, the number of patients with heart failure was much lower than those without. Last, the NYHA classification used as a marker of heart failure is a subjective index. Thus, these limitations may have introduced various biases.
In conclusion, BNP and NT-proBNP, the classical markers of heart failure, were not useful in predicting this disease in PD patients. Also, the reliability of ΔWt as a marker was low. On the contrary, the weekly CCr was associated with the highest risk of heart failure, followed by anemia. The following were also associated with a high risk of this disease: CTR > 51.9%, Hb < 9.4 g/ dL, Ht < 29.2%, and weekly CCr < 80.9 L/week/1.73 m 2 . However, using only these indicators to predict or prevent heart failure is impossible. Therefore, further largescale trials are necessary to establish more useful markers of heart failure in PD patients. 
